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METHOD FOR PHASE CALIBRATING
ANTENNAS IN A RADAR SYSTEM

BACKGROUND

Interferometric Synthetic Aperture Radar (ISAR) 1s apulse
radar system that enables the ability for wide area mapping at
high resolutions for numerous applications, including muli-
tary systems, earth-mapping, and environmental resource
mapping. This mapping typically requires transmission of a
radio frequency (RF) pulse from a single antenna, and recep-
tion of the reflected pulse 1into two or more antennas at a
known antenna-to-antenna spacing. The phase difference of
the received pulse 1n each of the receiving antennas 1s used to
determine a cross-track vector. The accuracy of the ISAR
system 1s directly related to this cross-track vector.

Components in an electronic RF system such as ISAR have
an electrical phase dependency on temperature. Uncalibrated
differences between receive channels results 1n electrical
phase error over temperature, therefore decreasing ISAR
accuracy. Thus, accurate phase calibration over temperature
1s required for proper system performance.

It 1s conceptually possible to phase calibrate an ISAR sys-
tem over temperature by injecting a planar wavefront (to
simulate a distant reflected target) into the antennas and mea-
suring the phase differences. Such a calibration, however,
would need to take place 1n a relatively large RF anechoic
chamber, which 1s designed to suppress reflected RF signals.
Implementing the extreme temperature variations required
tor calibration would not be feasible, since phase calibration
in an anechoic chamber 1s feasible only at room temperature
and nominal environmental conditions.

SUMMARY

The present invention relates to a method for phase cali-
brating antennas in a radar system. The method comprises
providing a transmit antenna and two or more receive anten-
nas, the recerve antennas each in communication with a
respective recerver channel. A radio frequency pulse having a
leakage pulse 1s transmitted from the transmit antenna. The
leakage pulse 1s recerved at each of the receive antennas and
respective recewver channel. The relative phase change
between the recerve antennas 1s determined by using the
leakage pulse as a reference signal.

BRIEF DESCRIPTION OF THE DRAWINGS

Features of the present invention will become apparent to
those skilled in the art from the following description with
reference to the drawings. Understanding that the drawings
depict only typical embodiments of the invention and are not

therefore to be considered limiting in scope, the invention will
be described with additional specificity and detail through the

use of the accompanying drawings, 1n which:

FIG. 1 illustrates a schematic configuration of a pulsed
radar system that can implement a method for phase calibrat-
ing a system ol antennas; and

FI1G. 2 1s a process flow and timing diagram representing a
method for phase calibrating a system of antennas 1n a radar
system.

DETAILED DESCRIPTION

In the following detailed description, embodiments are
described 1n sutficient detail to enable those skilled in the art
to practice the mvention. It 1s to be understood that other
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2

embodiments may be utilized without departing from the
scope ol the present mmvention. The following detailed
description 1s, therefore, not to be taken in a limiting sense.

The invention 1s directed to a method for phase calibrating,
antennas 1n a radar system. The present method can be used to
make in-flight, periodic phase corrections to a multi-antenna
receiver for a radar system on an aircraft. There 1s a need to
periodically perform an in-tlight phase calibration to account
for the phase variation between receive channels as environ-
mental conditions change during flight, including tempera-
ture. The method described herein utilizes the RF leakage
pulse from the transmit antenna to the receive antennas as a
reference signal in which to measure the relative phase
change between recerve antennas.

The present method takes periodic phase measurements
in-thght using a time (t)=0 leakage pulse to calibrate the
antennas. Since the antennas and receiver electronics have a
rather large phase variation over temperature (a physically
large antenna feed network and electrically long recerver
clectronics results 1n large phase variation over temperature),
periodic phase corrections are needed.

In one aspect of the mvention, the method can be used to
phase calibrate an ISAR system real-time during a tlight
mission, thereby eliminating the need to phase calibrate over
temperature during production. The method of the invention
does not eliminate the room temperature calibration step 1n an
anechoic chamber, but 1t does provide for phase calibration
in-thight when the system 1s subject to varying temperatures.
The in-flight calibration creates offset correction factors from
the reference room temperature calibration that was per-
formed 1n an anechoic chamber during production of the
radar system.

Typical RF recetver components in an ISAR system
include an antenna, coaxial cable, RF amplifiers, RF to inter-
mediate frequency (IF) downconverters, and IF amplifiers.
All of these components have an electrical phase dependency
with temperature.

An ISAR system may utilize return Doppler shift when
receiving the signal for phase comparison; however, the t=0
leakage pulse 1s always zero Doppler shifted. This allows
frequency discrimination of the leakage pulse for use as a
calibration signal, even down to low altitudes when the
ground return signal 1s close 1n time to the leakage pulse. Any
filtering needs to be temporarily and dynamically adjusted to
receive a zero Doppler shifted signal for use as a calibration
signal.

The processing electronics and soitware of the ISAR sys-
tem are configured to accommodate the measurement of the
t=0 leakage pulse for phase corrections. The amount of leak-
age Irom the transmit antenna to the receive antennas will
vary from unit to unit. Each radar unit 1s configured to be
measured for t=0 leakage amplitude, and automatic gain con-
trol (AGC) circuits adjust the gain of the recerve IF stage to
proper levels for the analog to digital conversion.

Although the present method 1s described with respect to
pulsed radar systems, the present method can be adapted for
use 1n other radar systems, such as frequency modulated
continuous wave (FMCW) radar.

FIG. 1 illustrates a schematic configuration of a pulsed
radar system 100 that can implement the method of the inven-
tion. The radar system 100 has an antenna array including a
transmit antenna 112. Although three receive antennas are
shown 1n FIG. 1, it should be understood that two or more
recerve antennas 114-1, 114-2, . . . 114-N can be utilized.

The transmit antenna 112 can be secured to an aircrait body
120 of arbitrary shape and 1s in electrical communication with
a transmit (1x) circuit 122, which in turn communicates with
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a digital controller 124. The receive antennas 114-1,
114-2,...114-N are secured to aircrait body 120 and are each
in electrical communication with corresponding RF receive
(Rx) circuits 132-1, 132-2, . . . 132-N through channels 1,
2, ...N, respectively. The Rx circuits each communicate with
corresponding IF circuits 134-1, 134-2, . . . 134-N. The IF
circuits each communicate with corresponding analog-to-
digital (A/D) converters 136-1, 136-2, . . . 136-N, which 1n
turn communicate with corresponding processing units 138-
1,138-2,...138-N.

During operation of pulsed radar system 100, digital timing,
circuits 1n digital controller 124 control a switch 1in the RF
path, creating a transmitted pulse shape. This RF pulse 1s
amplified 1n Tx circuit 122 and sent via a transmission line
126 (e.g., a coaxial transmission line) to transmit antenna
112. The RF pulse 1s then transmitted to an object (e.g., earth
ground) and 1s reflected back to the receive antennas 114-1,
114-2, ... 114-N and corresponding channels at a time delay
that 1s proportional to the distance to the object. The cross-
track angles 0,, 0., . .. 0,,are determined from the spacing of
the receive antennas and phase differences received from the
ground return.

An unintended consequence of transmitting through the
transmit antenna in close proximity to the receive antennas 1s
a t=0 leakage pulse. While the antennas are typically designed
and configured to reduce the leakage signal into the receive
antennas, the high gain of the receivers unintentionally ampli-
fies the signal to a measurable level. The method of the
invention utilizes this unintentional =0 leakage pulse 1n an
intentional manner during flight, to periodically measure the
phase changes between receiver channels (e.g., electrical path
length over temperature for each channel) with respect to the
relative reference room temperature calibration values and
uses these phase deltas as phase corrections. These phase
corrections are relative to room temperature phase measure-
ments, which are measured 1n an anechoic chamber under
nominal environmental conditions during production of the
radar system.

For example, FIG. 2 1s a process tlow and timing diagram
depicting the method for phase calibrating that can be used 1n
the radar system. The radar system 1s initially calibrated dur-
ing production at room temperature and nominal environ-
mental conditions to determine an initial calibration phase
correction (block 210) and an 1n1tial calibration leakage phase
(block 220) for each receive antenna, which are stored 1n a
memory unit of the radar system.

While operating the radar system during the flight of an
aircraft, the relative phase of the receiver channels changes
over temperature. The present method utilizes the t=0 leakage
pulse to periodically measure the relative phase changes
between receiver channels during a transmitter pulse repeti-
tion mterval (PRI) 230. During a transmit gate 232, the trans-
mitter sends an RF pulse having a leakage pulse 236 that 1s
received by each recetve antenna and measured 1in each
receiver channel (e.g., Rx Rev 1, 2, ... N). A present leakage
phase for each recerver channel 1s calculated (block 240) from
the measured leakage pulse. The present leakage phase (240)
for each channel 1s offset from the mitial calibration leakage
phase (220) to obtain the delta phase from 1nitial calibration
for each channel at 250. As indicated 1n FI1G. 2, the delta phase
from 1nitial calibration (250) 1s then offset from the initial
calibration phase correction (210) to obtain a corrected mnitial
calibration at 260 for each receiver channel.

After a time delay 234 (equal to 2 ns*vehicle altitude), a
present ground return phase for each receiver channel 1s cal-
culated (block 270) from a ground target return signal 238
received by each recerve antenna and corresponding receiver
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channels (e.g., Rx Rev 1, 2, . . . N). The corrected mitial
calibration (260) 1s combined with the ground return phase
(270) to obtain a system calibrated ground return phase at 280
for each recerver channel, which provides the corrected phase
value that 1s used in further processing of data such as to
determine cross-track angles. The method shown 1n FIG. 2
can be periodically repeated at different intervals, such as at a
subsequent transmit gate 282.

The periodic repetition of the present method can be done
for every transmit gate or at other predetermined intervals.
For example, an automated timer can be utilized at predeter-
mined 1ntervals to implement the method. Alternatively, one
or more thermocouples can be employed to control how often
the leakage pulse 1s measured such that when the temperature
deviates by a certain amount, the method 1s automatically
initiated.

Instructions for carrying out the various process tasks,
calculations, and generation of signals and other data used 1n
the operation of the methods and systems of the invention can
be implemented in software, firmware, or other computer
readable 1nstructions. These 1nstructions are typically stored
on any appropriate computer readable medium used for stor-
age of computer readable mstructions or data structures. Such
computer readable media can be any available media that can

be accessed by a general purpose or special purpose computer
Or processor, or any programmable logic device.

Suitable computer readable media may comprise, for
example, non-volatile memory devices including semicon-
ductor memory devices such as EPROM, EEPROM, or flash
memory devices; magnetic disks such as internal hard disks
or removable disks; magneto-optical disks; CDs, DVDs, or
other optical storage disks; nonvolatile ROM, RAM, and
other like media; or any other media that can be used to carry
or store desired program code means in the form of computer
executable mstructions or data structures. Any of the forego-
ing may be supplemented by, or incorporated in, specially-
designed application-specific integrated circuits (ASICs).
When information 1s transierred or provided over a network
or another communications connection (either hardwired,
wireless, or a combination of hardwired or wireless) to a
computer, the computer properly views the connection as a
computer readable medium. Thus, any such connection 1s
properly termed a computer readable medium. Combinations
of the above are also included within the scope of computer
readable media.

The method of the mvention can be implemented 1n com-
puter readable instructions, such as program modules or
applications, which are executed by a data processor. Gener-
ally, program modules or applications include routines, pro-
grams, objects, data components, data structures, algorithms,
ctc. that perform particular tasks or implement particular
abstract data types. These represent examples of program
code means for executing steps ol the methods disclosed
herein. The particular sequence of such executable nstruc-
tions or associated data structures represent examples of cor-
responding acts for implementing the functions described in
such steps.

The present invention may be embodied 1n other specific
forms without departing from 1ts essential characteristics.
The described embodiments are to be considered in all
respects only as illustrative and not restrictive. The scope of
the 1invention 1s therefore indicated by the appended claims
rather than by the foregoing description. All changes that
come within the meaning and range of equivalency of the
claims are to be embraced within their scope.
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What 1s claimed 1s:

1. A method for phase calibrating antennas 1n a radar sys-

tem, the method comprising:

(a) providing a transmit antenna and two or more receive
antennas, the recerve antennas each 1n communication
with a respective recerver channel;

(b) transmitting a radio frequency pulse having a leakage
pulse from the transmit antenna;

(c) recerving the leakage pulse at each of the recerve anten-
nas and the respective recerver channel; and

(d) determining the relative phase change between the
receive antennas by using the leakage pulse as a refer-
ence signal.

2. The method of claim 1, wherein the radar system com-

prises a pulsed radar system.

3. The method of claim 1, wherein the transmit and receive

antennas are secured to an aircratt.

4. The method of claim 3, wherein steps (b) through (d)
take place during a transmitter pulse repetition interval while

the aircrait 1s 1n flight.

5. A method for phase calibrating antennas 1n a radar sys-

tem, the method comprising:

(a) providing a transmit antenna and two or more receive
antennas, the receive antennas each 1n communication
with a respective recerver channel;

(b) determining an 1nitial calibration phase correction for
each of the receive antennas;

(c) determining an initial calibration leakage phase for
each of the receive antennas;

(d) transmitting a radio frequency pulse having a leakage
pulse that 1s recerved by each recerve antenna and mea-
sured 1n each receiver channel;

() calculating a present leakage phase for each receiver
channel from the leakage pulse;

(1) offsetting the present leakage phase from the mitial
calibration leakage phase to obtain a delta phase from
initial calibration for each receiver channel;

(g) oifsetting the delta phase from 1nitial calibration from
the 1nitial calibration phase correction to obtain a cor-
rected 1nitial calibration for each receiver channel:;

(h) calculating a ground return phase for each recerver
channel from a ground target return signal received by
each receilve antenna; and

(1) combining the corrected initial calibration with the
ground return phase to obtain a system calibrated ground
return phase for each receiver channel.

6. The method of claim 5, wherein the radar system com-
prises a pulsed radar system.

7. The method of claim 5, wherein the transmit and receive
antennas are secured to an aircraft body.

8. The method of claim 5, wherein the 1nitial calibration
phase correction and the mitial calibration leakage phase are
stored 1n a memory unit of the radar system.

9. The method of claim 5, wherein the 1mitial calibration
phase correction and the 1mitial calibration leakage phase are
determined at room temperature and nominal environmental
conditions.
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10. The method of claim 5, wherein the radio frequency
pulse 1s transmitted during a transmit gate of a transmitter
pulse repetition interval.

11. The method of claim 10, wherein steps (d) through (1)
take place during the transmitter pulse repetition interval
while an aircraft 1s 1n tlight.

12. The method of claim 5, wherein the system calibrated
ground return phase provides a corrected phase value for each
receiver channel.

13. The method of claim 12, further comprising determin-
ing a cross-track angle for each recerver channel from the
corrected phase value for each receiver channel.

14. The method of claim 11, further comprising periodi-
cally repeating steps (d) through (1) to measure relative phase
changes between each recerver channel during one or more
subsequent transmitter pulse repetition intervals.

15. A computer readable medium having instructions
stored thereon for a method for phase calibrating antennas 1n
a radar system, the method comprising:

(a) determining an initial calibration phase correction and
an 1nitial calibration leakage phase for each of two or
more receive antennas, the receive antennas each in
communication with a respective recerver channel;

(b) calculating a present leakage phase for each receiver
channel from a leakage pulse received by each recerve
antenna from a transmitted radio frequency pulse;

(c) ofisetting the present leakage phase from the initial
calibration leakage phase to obtain a delta phase from
initial calibration for each receiver channel;

(d) offsetting the delta phase from 1nitial calibration from
the 1mitial calibration phase correction to obtain a cor-
rected 1nitial calibration for each receiver channel;

(¢) calculating a ground return phase for each receiver
channel from a ground target return signal recerved by
each receive antenna; and

(1) combining the corrected initial calibration with the
ground return phase to obtain a system calibrated ground
return phase for each receiver channel.

16. The computer readable medium of claim 15, wherein
the 1nitial calibration phase correction and the 1nitial calibra-
tion leakage phase are determined at room temperature and
nominal environmental conditions.

17. The computer readable medium of claim 15, wherein
the radio frequency pulse 1s transmitted during a transmit gate
of a transmitter pulse repetition interval.

18. The computer readable medium of claim 15, wherein
the system calibrated ground return phase provides a cor-
rected phase value for each recerver channel.

19. The computer readable medium of claim 18, wherein
the method further comprises determining a cross-track angle
for each recerver channel from the corrected phase value for
cach recerver channel.

20. The computer readable medium of claim 17, wherein
the method further comprises periodically repeating steps (b)
through (1) to measure relative phase changes between each
receiver channel during one or more subsequent transmitter
pulse repetition intervals.
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